Nasopharyngeal carriage and antimicrobial resistance in isolates of Streptococcus pneumoniae and Haemophilus influenzae type b in children under 5 years of age in Botswana  by Huebner, Robin E. et al.
Original Report 
Nasopharyngeal Carriage and Antimicrobial 
Resistance in Isolates of Streptococcus 
pneumoniae and Haemopbilus influenzae 
vpe b in Children under 5 Years of Age in Botswana 
Robin E. Huebner, PhD, MPH;* Avril Wasas, MT;* Alexander Mushi, MD, MMed;’ 
Loeto Mazhani, MD;* and Keith Klugman, MBBch, PhD* 
ABSTRACT 
Objectives: A prospective survey was conducted to determine 
the prevalence of asymptomatic nasopharyngeal carriage of 
Streptococcus pneumoniae and Haemophilus influenzae type 
b in children under 5 years of age in Botswana and to deter- 
mine the antibiotic resistance patterns of these organisms to 
commonly used antimicrobial agents. 
Methods: Children 2 months to 5 years of age (n = 249) were 
recruited from outpatient clinics in Gaborone and Francistown, 
and 29 were sampled from the pediatric wards at Princess 
Marina (Gaborone) and Nyangabgwe (Francistown) Hospitals. 
Nasopharyngeal specimens were collected and the carriage 
and antibiotic resistance of S. pneumoniae and H. influenzae 
type b were determined. Analyses of risk factors associated 
with carriage and resistance were performed. 
Results: Streptococcus pneumoniae was isolated from 69% 
of the outpatient children in Gaborone and 85% of the chil- 
dren in Francistown; the carriage rate in hospitalized children 
was 36% and 33% in Gaborone and Francistown, respectively. 
Approximately half of the isolates at both sites were resistant 
to at least one antibiotic, the most common being cotrimoxa- 
zole and penicillin. Resistance to three or more antibiotics (multi- 
ple resistance) was found in less than 10% of the isolates. 
Most penicillin resistance at both sites was at the intermediate 
level; however, almost 20% of the isolates demonstrated high- 
level resistance to cotrimoxazole. The most prevalent 
serogroups or serotypes of antibiotic-resistant isolates were 
14, 19F, 19A, 6A, 6B, and 4. No risk factors for antibiotic resis- 
tance were identified. Haemophilus influenzae type b was iso- 
lated from 8% of the children in Gaborone and from 3% of the 
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children in Francistown. Almost a third of the isolates were 
resistant to ampicillin. 
Conclusions: The high levels of antibiotic resistance in pneu- 
mococci isolated from children in Botswana suggest that the 
clinical management of meningitis and otitis media with a 
p-lactam antibiotic may fail in a significant proportion of cases 
and that empiric first-line use of cefotaxime or ceftriaxone for 
meningitis and higher dose amoxicillin (90 mg/kg/day) for oti- 
tis media is recommended. The levels of penicillin resistance in 
this study would not impact on the management of pneumo- 
nia with amoxicillin. 
Key Words: carriage, H. influenzae, pneumococci, 
resistance, S. pneumoniae 
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Worldwide, approximately 4 million children under 5 
years of age die each year from acute respiratory infec- 
tions (ARIs), most of which are pneumonias1 Bacterial 
pathogens, such as Streptococcus pneumoniae and 
Haemophilus infuenzae type b (Hib), are responsible for 
80% of these deaths due to pneumonia. Although statis- 
tics on the etiology of pneumonia in African children are 
lacking, one recent study in Gambia reported pneumo- 
coccus as the causative organism in 69% of childhood 
cases of pneumonia.’ Streptococcuspneumoniae and H. 
influenzae type b also are responsible for the majority 
of cases of meningitis, otitis media, and sinusitis. In devel- 
oping countries mortality from pneumococcal meningi- 
tis can be 40 to 50%.3 
Antibiotic resistance of respiratory pathogens is increas- 
ing in both western and third-world countries.* Penicillin- 
resistant pneumococci, first reported in the 1960s can now 
be found worldwide. More than 25% of pneumococcal iso- 
lates in Mexico, the United States, South Korea, Spain, Chile, 
Hungary, Poland, South Africa, Kenya, Israel, and New 
Guinea are resistant to penicillin. Multiple resistance, 
defmed as resistance to at least three different classes of 
antibiotics, also is growing. In 1978,56.5% of isolates from 
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pneumococcal carriers at six hospitals in Johannesburg, 
South Africa, were multidrug resistant during a hospital- 
associated outbreak, as were 15% of strains from three hos- 
pitals in Durban.5 There also is evidence of subsequent 
spread of multiresistant strains into the community.* 
The growing worldwide problem of resistance 
necessitates the monitoring of trends in susceptibility 
to B-lactam antibiotics and trimethoprim-sulfamethoxa- 
zole (TMP/SMZ, cotrimoxazole), the antibiotics currently 
recommended by the World Health Organization (WHO) 
for treatment of pneumonia and meningitis.6 The extent 
of pneumococcal antibiotic resistance in many African 
countries is not known. The aim of this study was to 
determine the prevalence of asymptomatic nasopha- 
ryngeal carriage of S. pneumoniae and H. injluenzae 
type b in children under 5 years of age in Botswana, and 
to determine the antibiotic resistance patterns of these 
organisms to commonly used antimicrobial agents. The 
incidence of antimicrobial-resistant nasopharyngeal iso- 
lates of pneumococci carried in asymptomatic children 
has been shown to correlate with the incidence of resis- 
tant strains that cause invasive disease.4s7,8 
At the recruitment sites, the parent or guardian 
accompanying the child was briefed on the nature of the 
study and asked whether they agreed to have their child 
participate. If they agreed, the parents were asked a few 
questions regarding family demographics and the medical 
history of their child. If available, the child’s Growth Mon- 
itoring Card was also examined for evidence of hospi- 
talization or antibiotic use within the previous 6 months. 
A nasopharyngeal swab was taken from the child for iso- 
lation and antibiotic susceptibility testing of S. pneumo- 
niae and H. in@.tenzae type b. The patient and laboratory 
data were entered into an Epi Info computer program” 
and analyzed at South Africa Institute for Medical 
Research (SAIMR). 
Microbiologic Procedures 
Calcium alginate swabs (Calgiswab type 1, Hardwood 
Products Company, Guilford, ME, USA) were gently intro- 
duced into the nasopharynx of children. For isolation of 
Spneumoniae, the swabs were inoculated directly onto 
blood agar plates (Oxoid Columbia base with 5% horse 
blood) containing 5 kg/rnL of gentamicin.lO Plates were 
MATERIAL AND METHODS 
incubated at 37°C overnight in the microbiology labora- 
tories of the respective hospitals. Identification of pneu- 
mococcal isolates was based on typical colonial 
Patient Selection 
Recruitment of children 2 months to 5 years of age 
occurred in May and June 1997 in the pediatric wards and 
the outpatient clinics at Princess Marina and Nyangabgwe 
Hospitals. Princess Marina Hospital is a 500-bed hospital 
in Gaborone, the capital of Botswana. It is one of the two 
government referral hospitals in Botswana and also serves 
as the district hospital for the city of Gaborone, with an 
immediate catchment area of 150,000 to 180,000. 
Nyangabgwe Hospital is the other government referral 
hospital, situated in Francistown, the second largest city 
in the country. It is a tertiary referral center for all of 
northern Botswana as well as the principal health facil- 
ity for the 100,000 to 120,000 population of Francistown 
proper. The two hospitals have approximately 90 to 110 
beds dedicated to general pediatrics, pediatric surgery, 
and neonates; the occupancy rates are usually between 
110% to 170%. Patients in the pediatric wards come from 
their respective cities and the surroundings and repre- 
sent all socioeconomic classes. 
Children also were recruited from two additional out- 
patient clinics. Gaborone West clinic is one of the busiest 
of the city’s 20 primary care clinics. In 1997, 94,000 
patients attended the clinic, 20% of these were children 
under 5 years of age. Lapologang clinic is located in Som- 
erset West, a township in Francistown. It serves a popu- 
lation of mostly low and middle income families. Neither 
of these clinics has inpatient facilities. 
morphology, alpha-hemolysis on blood-agar plates and 
susceptibility to optochin. Pneumococcal isolates were 
transported to SAIMR on Dorset coagulated egg medium 
slopes in 0.25-02 Bijou bottles. For isolation of H. infuen- 
zae type b the swabs also were inoculated onto baci- 
tracin heated blood (BHB) agar plates (Oxoid Columbia 
base with 5% horse blood and 145 mg/mL of bacitracin). 
After incubation at 37°C overnight in 5% CO,, 
Haemophilus was identified by typical colony morphol- 
ogy, and a single colony was subcultured onto a choco- 
late agar plate and reincubated overnight at 37°C in 5% 
CO,. The subsequent growth was reinoculated onto a 
nutrient agar plate and XV and V disks were placed on 
the plates. Growth around the XV disk (H. infuenzae) 
was then identified as type b by serotyping. Organisms 
were inoculated onto Haemophiks transport media for 
transport to SAIMR. 
Screening for antibiotic resistance in the pneumo- 
coccal isolates was performed using Mast-rings (Mast 
Diagnostics, Merseyside, UK) with disks containing anti- 
biotic concentrations specified by the National Committee 
for Clinical Laboratory Standards (NCCLS).‘l Inocula were 
prepared by making suspensions of the subcultures on 
blood agar to the required turbidity standard. Disk diffu- 
sion tests were performed for susceptibility to chloram- 
phenicol, erythromycin, clindamycin, tetracycline, 
TMP/SMZ, and rifampicin. Susceptibility to benzyl peni- 
cillin was determined using I-u,.g oxacillin disks; zones of 
inhibition 19 mm or smaller were considered resistant. 
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Mueller-Hinton agar containing 5% sheep blood was used 
for all susceptibility testing except for susceptibility to 
TMP/SMZ, which was performed on lysed blood-agar 
plates. 
Susceptibility testing for Huemophihs isolates was 
performed using the disk diffusion method on 
Haemophilus test media, according to the NCCLS guide- 
lines.” Production of P-lactamase was measured on 
P-lactamase agar. Resistance to ampicillin, chlorampheni- 
col, and cotrimoxazole was determined on Haemophilus 
test media. 
After transport to SAIMR, all pneumococcal and 
Haemophilus isolates were subcultured, and those that 
showed resistance or borderline resistance (zones up to 
2 mm greater than break-point diameters) on the disk 
diffusion tests were tested for definitive antibiotic resis- 
tance at SAIMR by the NCCLS dilution method in micro- 
dilution trays for minimum inhibitory concentration 
(MIC) determination. l1 
Penicillin-resistant pneumococci also were tested for 
susceptibility to cefotaxime and ceftriaxone. Capsular 
typing of all antibiotic-resistant pneumococcal isolates 
was done by the “capsular swelling” technique, using 
group- and type-specific antisera supplied by the Statens 
Seruminstitut, Copenhagen. The Danish nomenclature 
was used for designation of antigenic types. 
RESULTS 
Description of Study Population 
The 249 outpatient children tested included 187 in 
Gaborone (166 well children attending an “Under Fives” 
clinic for developmental assessment, 9 children with cough 
or congestion, 5 with vomiting or diarrhea, and 7 with 
other medical complaints) and 62 in Francistown (35 chil- 
dren attending an “Under Fives” clinic, 6 with diarrhea, 2 
with cough, and 19 with other medical complaints). 
The mean age of the children in the study was 20.1 
months (range, 2-56 mo) and did not differ significantly 
by study site (20.3 mo in Gaborone and 19.6 mo in Fran- 
cistown). There were equal numbers of male and female 
children. Children in Gaborone were significantly less 
likely to live in households with other children under 
5 years of age (odds ratio = 0.31) (Table 1). 
Mothers reported previous antibiotic use in 103 
(55%) children in Gaborone and 37 (60%) children in 
Francistown (see Table 1); documentation of antibiotic 
history, determined from review of Growth Monitoring 
cards, was available for 100 and 36 of the children in 
Gaborone and Francistown, respectively. Approximately 
half of the children at both sites had taken cotrimoxazole 
and 55% in Gaborone and 36% in Francistown had 
received a p-lactam antibiotic (penicillin, amoxicillin, 
ampicillin, or cloxacillin). Chloramphenicol had been pre- 
Table 1. Description of Study Populations 
Variable 
Gaborone Fran&town 
n = 187 (%) n = 62 (%) 
TOTAL 
n = 249 (%) 
Age 
O-6 mo 
7-l 2 mo 
13-24 mo 
25-36 mo 
237 mo 
29 (15) 16 (26) 
48 (26) 14 (22) 
54 (29) 14 (22) 
24 (13) 6 (10) 
32 (17) 12 (20) 
Gender 
Female 
Male 
89 (48) 33 (53) 
98 (52) 29 (47) 
Antibiotic use within previous 6 mo 
Yes 103 (55) 
No a4 (45) 
37 (60) 
25 (40) 
Family member using antibiotics within previous 6 mo 
Yes 30 (16) 4 (6) 
No 157 (84) 58 (94) 
Ever hospitalized 
Yes 
No 
33 (18) 13 (21) 
154 (82) 49 (79) 
Attends daycare 
Yes 
No 
9 (5) 2 (3) 
176 (95) 60 (97) 
Other children ~5 years old in family* 
Yes 88 (47) 
No 99 (53) 
46 (74) 
16 (26) 
45 (18) 
62 (25) 
68 (27) 
30 (12) 
44 (18) 
122 (49) 
127 (51) 
140 (56) 
109 (44) 
34 (14) 
215 (86) 
46 (18) 
203 (82) 
11 (4) 
238 (96) 
134 (54) 
115 (46) 
*Odds ratio (comparing Gaborone to Fran&town) = 0.31 (0.16-0.62); P i 0.001. 
scribed to 2% of the children in Gaborone; no children 
in Francistown had received chloramphenicol. Reported 
use of antibiotics by another family member was higher 
in Gaborone than Francistown (see Table l), but this dif- 
ference did not reach statistical significance (P = 0.06). 
There was no difference in history of hospitalization 
between the two sites. 
Carriage, Antibiotic Resistance, and 
Serotypes of Streptococcus pneumoniae 
from Outpatient Children 
Streptococcuspneumoniae was isolated from 129 of 187 
(69%) outpatient children in Gaborone and from 53 of 62 
(85%) children in Francistown; this difference was sta- 
tistically significant (P < 0.01). The age distribution for all 
carriers of pneumococci ranged from 73% in children 
less than 6 months of age to 81% in children age 7 to 12 
months; 70% of children 37 months of age and older were 
carriers of pneumococci. Age, gender, reported antibiotic 
use either by the child or another family member, or the 
presence of other children in the household were not 
significantly associated with carriage of pneumococci at 
either study site (Table 2). Pneumococci were isolated 
from all of the children who attended daycare in 
Gaborone; however, the small number of children attend- 
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Table 2. Univariate Relations between Carriage of S. pneumoniae and Demographic Variables 
and Clinical History of Children Living in Gaborone and Francistown, Botswana 
Children with S. pneumoniae Odds Ratio (95% Confidence lntervalj 
Variable Gaborone n (%) Francistown n (%) Gaborone Francistown 
Age 
524 mo 
>24 mo 
Gender 
Female 
Male 
Antibiotic use 
Yes 
No 
Family member using antibiotics 
Yes 
No 
Attends daycare 
Yes 
No 
Other children in family 
Yes 
No 
*P = 0.06. 
90 (69) 37 (84) 0.96 (0.46-l .99) 0.66 (0.06-4.04) 
39 (70) 16 (89) - 
63 (71) 30 (91) 1 .I 7 (0.60-2.29) 2.61 (0.49-I 7.58) 
66 (67) 23 (79) 
69 (65) 32 (86) 0.81 (0.41-l 59) 1.22 (0.24-6.39) 
60 (71) 21 (84) 
19 (63) 4 (100) 0.74 (0.30-l .81) Undefined 
110 (70) 49 (84) 
9 (100) 1 (50) Undefined* 0.15 (0.00-13.58) 
120 (67) 52 (87) - 
67 (76) 40 (87) 1.26 (0.64-2.47) 1.54 (0.22-8.46) 
63 (64) 13 (81) - 
ing daycare at either study site (9 in Gaborone and 2 in 
Francistown) may have resulted in a spurious association. 
The antibiotic resistance patterns of the pneumo- 
cocci are shown in Table 3. Approximately half of the 
isolates at both study sites were sensitive to all six antibi- 
otics (oxacillin, clindamycin, tetracycline, erythromycin, 
rifampicin, and cotrimoxazole) tested. Resistance to a sin- 
gle antibiotic was found in 35 (27%) isolates from 
Gaborone and 16 (30%) isolates from Francistown; the 
majority of these isolates were resistant to cotrimoxazole 
(31 [24%] in Gaborone and 11 [ZOO/,] in Francistown). 
Table 3. Antibiotic Resistance Patterns of 
Streptococcus pneumoniae Isolates from Children 
Living in Gaborone and Francistown, Botswana 
Resistant /solatest 
Resistance 
Pattern* 
Gaborone 
n (%) 
Francistown 
n (77) 
Total 
n (%) 
Sensitive to 
All drugs 
Penicillin (pen) 
Cotrimoxszole (cot) 
Tetacycline (tet) 
Rifampin (rif) 
Pen, cot 
Pen, tet 
Tel, cot 
Pen, tet, cot 
Pen, tet, cot, cry, cli 
59 (46) 
3 (2) 
31 (24) 
1 (1) 
15 (12) 
5 (4) 
5 (4) 
9 (7) 
1 (0.8) 
30 (56) 89 (49) 
2 (4) 5 (3) 
11 (20) 42 (23) 
1 (2) 2 (1) 
2 (4) 2 (1) 
1 (2) 16 (9) 
3 (6) 8 (4) 
1 (2) 6 (3) 
2 (4) 11 (6) 
- 1 (0.5) 
*Penicillin, >0.06 kg/mL; cotrimoxazole, >0.5/9.5 pg/mL; tetracycline, 
>2 I*g/mL; rifampin, 21 .O pg/mL; erythromycin (cry), >0.125 kg/mL; 
clindamycin (cli), >O.i 25 pg/mL. 
+Percentage may not total 100 due to rounding. 
Overall, 61 (47%) isolates from Gaborone and 15 (28%) 
isolates from Francistown were resistant to cotrimoxa- 
zole. The odds of cotrimoxazole resistance in carriers of 
pneumococci was 2.3 times higher in Gaborone than in 
Francistown (P = 0.02). Resistance to penicillin was found 
in 33 (26%) isolates from Gaborone and 8 (15%) isolates 
from Francistown (not significantly different). All of the 
penicillin-resistant isolates were susceptible to cefotaxime 
and ceftriaxone. Less than 10% of the isolates were mul- 
tiple resistant or resistant to three or more antibiotics. 
Most of the multiple resistant isolates were resistant to 
penicillin or cotrimoxazole, in combination with other 
antibiotics. Although most penicillin resistance at both 
sites was at the intermediate level, 30% of organisms from 
Gaborone and 19% from Francistown showed high-level 
resistance to cotrimoxazole (Table 4). All isolates resis- 
tant to tetracycline had high-level MICs @ 8 (J;g/mL). Pos- 
sible risk factors for antibiotic resistance were 
investigated; however, none, including past hospitaliza- 
tion or a history of receiving a p-lactam antibiotic or co- 
trimoxazole, was statistically significant. In addition, no 
significant risk factors were found for multidrug 
resistance (data not shown). 
Pneumococcal serotyping was performed on 94 iso- 
lates from Gaborone and 36 isolates from Francistown. 
The serotypes did not differ significantly by study site. The 
most prevalent serotypes of the 93 antibiotic-resistant 
isolates were type 14 (31, 33%), 19F (14, 15%), 19A 
(7,7%), GA (9,10%>, 6B (8,9%), and type 4 (8,9%). Of the 
multiple resistant isolates, 10 of 11 (91%) of the pneu- 
mococci resistant to penicillin, tetracycline, and 
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Table 4. Levels of Antibiotic Resistance of Streptococcus pneumoniae Isolates from Children Living in Gaborone and Francistown, Botswana 
Isolates Resistant in Gaborone Isolates Resistant in Francistown 
Intermediate* High+ Range of MlCs Intermediate* High’ Range of MlCs 
Antibiotic n (%) n (%) WW n (%) n (%) (wW) 
Penicillin 28 (22) 5 (4) 0.12-2.00 8 (15) - 0.120-1 .oo 
Cotrimoxazole 22 (17) 39 (30) 1 /I 9-8/l 52 5 (9) IO (19) 1 /I 9-8/l 52 
Tetracycline - 21 (16) 8.00-64.00 - 7 (13) 64.00 
Rifampicin 
l-(0.8) 
2 (4) 64.00 
Erythromycin 64.00 
Clindamycin 1 (0.8) 64.00 - - 
*Intermediate level = resistance to 0.12-l .O pg/mL penicillin:l/l9-Z/38 kg/mL cotrimoxazole; 4 wg/mL tetracycline: l-4 +g/mL rifampicin; 0.25-l .OO pg/mL 
etythromycin; 0.25-l .OO kg/mL clindamycin. 
+High level = resistance to t2 pg/mL penicillin: X4/76 pg/mL co-trimoxazole; t8 pg/mL tetracycline; 24 pg/mL rifampicin; 21 kg/mL erythromycin; 28 pg/mL 
chloramphenicol; 21 pg/mL clindamycin. 
cotrimoxazole were serotype 14 and the five-drug resis- 
tant isolate was serotype 19E 
Carriage, Antibiotic Resistance, and Serotypes of 
Streptococcuspneumoniae in Hospitalized Children 
Nasopharyngeal specimens were taken from 11 hospi- 
talized children in Gaborone (4 with diarrhea, 2 with 
burns, 1 with pneumonia, and 4 with other medical or 
surgical problems) and from 18 hospitalized children in 
Francistown (6 with diarrhea, 5 with pneumonia, and 7 
with other medical or surgical complaints). Very ill chil- 
dren (i.e., those on mechanical ventilation, etc.) were not 
sampled. In Gaborone, seven (64%) children had received 
a P-lactam antibiotic and five (45%) had received cotri- 
moxazole; in Francistown, 11 (61%) children were treated 
with a p-lactam antibiotic, 7 (39%) were given cotri- 
moxazole, and 12 (67%) were given chloramphenicol. 
Pneumococci were isolated from only 4 of 11 (36%) inpa- 
tients in Gaborone and from 6 of 18 (33%) hospitalized 
children in Francistown. In Francistown, children cur- 
rently admitted to Nyangabgwe hospital were significantly 
less likely to carry pneumococci than either all outpa- 
tients or the subset of children with a history of prior hos- 
pitalization (Table 5). Pneumococci also were isolated 
less frequently from inpatients compared with outpa- 
tients at Princess Marina Hospital, Gaborone. Antibiotic 
resistance was found in two of four (50%) isolates from 
hospitalized children in Gaborone and in four of six (67%) 
isolates from children in Francistown. In Gaborone, one 
isolate (serotype 6B) was resistant to cotrimoxazole (high 
level) and one (serotype 4) was resistant to penicillin 
(intermediate level) and cotrimoxazole (high level). In 
Francistown, two isolates were resistant to cotrimoxa- 
zole: one intermediate level (serotype 19P) and one high 
level (serotype 14); one serotype 19F showed interme- 
diate level resistance to penicillin and one serotype 23F 
was resistant to penicillin (intermediate level), chloram- 
phenicol (high level), tetracycline (high level), and 
cotrimoxazole (high level). Hospitalized children were 
no more likely to carry antibiotic resistant pneumococci 
than non-hospitalized children. 
Carriage and Antibiotic Resistance 
of Haemophilus influenzae type b 
Haemophilus inJ?uenzae type b was isolated from 15 of 
187 (8%) children in Gaborone and from 2 of 62 (3%) 
children in Francistown; this difference was not statisti- 
cally significant. In Gaborone, 3 of 29 (10%) children 
between 3 and 6 months of age were carriers of Hib and 
in Francistown the carriage rate in the same age group 
was 6% (l/16). Haemophilus influenzae type b was iso- 
lated from only one hospitalized child in Francistown; 
no hospitalized children in Gaborone carried this organ- 
ism. Antibiotic resistance was found in less than half of 
the isolates from both sites. Single-drug ampicillin resis- 
tance occurred in four (27%) isolates from Gaborone and 
in one (33%) isolate from Francistown. In Gaborone, two 
(13%) were resistant to cotrimoxazole and one isolate 
Variable 
Table 5. Univariate Relations between Carriage of Streptococcus pneumoniae and Current 
or Past Hospitalization of Children Living in Gaborone or Francistown, Botswana 
Number with S. pneumoniae Odds Ratio (95% Confidence Interval) 
Gaborone n (%) Francistown n (%) Gaborone Francistown 
Current inpatient 
Outpatient 
Current inpatient 
Hospitalized in past 
*Statistically significant, P < 0.05. 
4 (36) 6 (33) 0.26 (0.05-l .06)* 0.08 (0.02-0.33)* 
129 (69) 53 (85) - - 
4 (36) 6 (33) 0.29 (0.05-l .45) 0.15 (0.02-0.94)* 
22 (65) 10 (77) 
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was resistant to both ampicillin and cotrimoxazole. 
The small number of organisms precluded meaningful 
analyses to identify risk factors for carriage or antibiotic 
resistance. 
DISCUSSION 
Streptococcus pneumoniae 
Studies in South Africa, Pakistan, Israel, and Ca.nada have 
shown that the incidence of antimicrobial resistance in 
pneumococci carried asymptomatically in the nasophar- 
ynx of children correlates with the incidence of resis- 
tance in strains causing disease.7*sJ*,13 Pneumococci are 
spread person-to-person through droplets of respiratory 
secretions. Acquisition of the organisms by young chil- 
dren can occur as early as the first day of life; more than 
95% of children will be colonized at some time before the 
age of 2 years.‘* The duration of carriage can be months 
in younger children, and although long-term carriage is 
harmless, illness usually occurs within 1 month of acqui- 
sition of a new pneumococcal serotype. 
In this study it was found that 69% and 85% of the 
outpatient children in Gaborone and Francistown, respec- 
tively, were colonized by Spneumoniae. These carriage 
rates are consistent with those found in similar studies in 
Zambia (72%)15 and Lesotho (7O%).l” Unlike in (developed 
countries where pneumococcal carriage begins at 
approximately 6 months of age, l4 in Botswana the authors 
found that the carriage rate was already 67% in children 
less than 6 months of age. Early colonization with S.pneu- 
moniae was shown, in a study of Australian aboriginal 
infants followed prospectively from birth, to be signili- 
cantly associated with early onset of persistent otitis 
media.” In Botswana the predominant serotypes or 
serogroups isolated were 6, 14, and 19, the major 
serotypes also found in Zambia and Lesotho.15J6 
The acquisition of pneumococci can be influenced 
by a number of factors. Carriage and antibiotic resistance 
have been shown by others to be inversely related to 
age. l3 In this study isolation of pneumococci was con- 
sistent until the age of 24 months when it began to 
decrease. Acquisition of S.pneumoniae is increased dur- 
ing the winter months when the incidence of pneumo- 
coccal disease is higher in the general community l4 The 
sampling in Botswana took place during the first part of 
the winter season, which perhaps accounts for the rela- 
tively high carriage rate. Children living in crowded con- 
ditions, particularly in families with other young children, 
or children who have taken antibiotics or attend daycare, 
are also more likely to carry pneumococci and are colo- 
nized at an earlier age. *,18 In this study, the presence of 
other children in the household was not a significant risk 
factor for isolation of pneumococci. However, it is inter- 
esting to note that 38% of the children from Francistown, 
which had a significantly higher carriage rate than 
Gaborone, lived in households with two or more siblings 
compared to only 8% of the children from Gaborone. 
Almost half of Botswana’s population is under 15 years 
of age, indicating a large pool of young children. The 
effects of household contact with other children may 
have been diluted by exposure to other children living 
within the neighborhood. In Gaborone the interaction of 
children at daycare was significantly associated with pneu- 
mococcal carriage, although this was based on a small 
number of children. 
In the present study, the odds of carriage were sig- 
nificantly decreased in children who were admitted to 
hospital wards, compared with outpatients and with chil- 
dren who previously had ever been hospitalized. The car- 
rier state can be eradicated by treatment with antibiotics 
to which the organisms are susceptiblels; 26 of 28 of the 
hospitalized children in the study were receiving either 
cotrimoxazole or a B-lactam antibiotic at the time of 
nasopharygeal sampling. Hospitalization was not a risk 
factor for antibiotic resistance. 
As with other pathogens, exposure to antibiotics, in 
either a hospital or an outpatient setting, can select for 
infection with resistant pneumococci.r9 In this study, no 
association was found between antibiotic use and resis- 
tance; however, this may be due to the documentation of 
antibiotic use over the previous 6 months. Arason et al 
found more recent antibiotic use (2 to 7 weeks) to be 
associated with pneumococcal resistance in Icelandic 
children.20 Younger age and attendance at daycare can 
also predispose to antibiotic resistance.18 Although no 
significant risk factors were found, antibiotic resistance 
in Botswana is common. Almost half of the isolates are 
resistant to at least one antibiotic; in Zambia, only 34% of 
the carriage strains were not susceptible. Almost half of 
the isolates in Gaborone showed some level of resistance 
to cotrimoxazole; 30% had high-level resistance. The resis- 
tance rate was slightly less in Francistown, 28% overall 
and 19% at the high level. At least 20% of the isolates 
from both sites were resistant to penicillin, although the 
MICs of the resistant isolates are generally less than 2.0 
pg/mL (intermediate level). Botswana has a stable drug 
supply, thus allowing for the common use of antibiotics, 
particularly cotrimoxazole and B-lactams, in children. This 
has probably resulted in the levels of antibiotic resistance 
observed in this study 
The WHO recommends empiric treatment of pneu- 
monia with an antibiotic to which both S.pneumoniae 
and H. infZuenzae are susceptible. Penicillin resistance 
has little impact on the treatment of pneumococcal pneu- 
monia, as the antimicrobial levels obtained in blood and 
lung tissues exceed the MICs of these agents.*Jl In con- 
trast, j3-lactam resistance is extremely important in the 
treatment of pneumococcal meningitis. Intermediate resis- 
tance (MICs, 0.1-1.0 (ug/mL) and full resistance (MICs 
> 1 .O pg/mL) can have a profound effect on the outcome 
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of meningitisz2 Resistance to B-lactam antibiotics also 
may compromise the therapy of both otitis media and 
sinusitis.21,22 Isolates that have MICs greater than 1 pg/mL 
to penicillin are also likely to exhibit intermediate or 
high-level resistance to the third-generation cephalo- 
sporins, ceftriaxone, and cefotaxime,18*z3 which are com- 
monly used for the empiric treatment of meningitis. In 
light of these data, the high levels of penicillin and co- 
trimoxazole resistance identified at both study sites would 
not impact on the management of pneumonia with 
amoxicillin. However, the penicillin resistance would have 
major implications for the management of meningitis. 
One-quarter of cases of pneumococcal meningitis would 
not be expected to respond to penicillin or chloram- 
phenicol, because chloramphenicol clearly has been 
shown to be inadequate therapy for penicillin-resistant 
meningitis. 24 The empiric first-line use of cefotaxime or 
ceftriaxone for the management of meningitis would be 
recommended until the antibiotic susceptibility of the 
organism has been determined.25 Once susceptibility to 
penicillin has been established, penicillin could be sub- 
stituted for the cephalosporin. In the absence of a clear 
demonstration of penicillin susceptibility, a full course of 
therapy with cefotaxime or ceftriaxone should be used 
for treatment of meningitis. Finally, it is likely that a sig- 
nificant proportion of cases of otitis media may fail 
empiric therapy with low dose amoxicillin, in which case 
a higher dose (90 mg/kg/day) should be considered.26 
Haemopkilus injlwenzae Type b 
Haemophilus species are part of the normal flora of the 
upper respiratory tract of almost all healthy persons over 
1 year of age.27 Carriage rates for H. inj-luenzae type b, 
the species most responsible for invasive disease in young 
children, range from 3% in Jamaican children and 5% in 
Ugandan children to as high as 16% in some communi- 
ties in Gambia.28-30 In contrast to developed countries, 
where acquisition of Hib is rare before 6 months of age,31 
children from developing countries acquire Hib at an ear- 
lier age. In the present study, at least one-quarter of the 
children who would eventually carry Hib did so before 
they were 6 months of age. Although no risk factors could 
be determined for carriage of Hib, other studies have 
found increased isolation of Hib from children in closed 
communities, such as daycare centers, orphanages, or 
households with a case of Hib disease, where 50% or 
more of children may be carriers.32 
The high levels of antibiotic resistance in H. in&hen- 
zae type b isolates from Botswana would not influence 
the management of invasive disease. Studies on the bur- 
den of H. inJkten.zae type b disease using blood and cere- 
brospinal fluid isolates are required to determine whether 
implementation of immunization with Hib conjugate vac- 
cine, which will soon be affordable to developing coun- 
tries, is recommended for Botswana. 
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